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Geology of Pre-Pennsylvanian Rocks in the
Paradox Basin and Adjacent Areas,
Southeastern Utah and Southwestern Colorado

By Steven M. Condon

ABSTRACT

The oldest rocks in the Paradox Basin of the southwest-
ern United States are an Early Proterozoic crustal sequence
of gneiss and schist, approximately 1,800-1,740 Ma. The
complex was intruded by Early to Middle Proterozoic
(1,730-1,700 Ma and 1,435-1,400 Ma) plutonic igneous
rocks and is overlain by supracrustal Middle Proterozoic
(1,695~1,435 Ma) sedimentary rocks in some places. A
younger Middle to Late Proterozoic (1,250-800 Ma)
sequence of metasedimentary rocks may be present in parts
of the western Paradox Basin. Early Proterozoic rocks in the
Paradox Basin and adjacent areas accumulated in a conver-
gent plate setting on the edge of the Archean craton. The pos-
sible Middle to Late Proterozoic rocks may have been
deposited in a lacustrine setting.

A wedge of clastic and carbonate Cambrian rocks
unconformably overlies basement rocks. Cambrian rocks are
thickest on the west side of the study area and thin eastward.
From oldest to youngest, Cambrian units are the Tintic
Quartzite, Ophir Formation, Maxfield Limestone, Lynch
Dolomite, and Ignacio Quartzite.

In the Paradox Basin, Upper Devonian rocks uncon-
formably overlie Cambrian strata; Ordovician and Silurian
rocks are not known in this area. A basal Devonian unit, the
Aneth Formation, is areally restricted and only is present
near the Four Comners. Overlying the Aneth, probably
unconformably, is the Elbert Formation. In much of the Par-
adox Basin the basal member of the Elbert is the McCracken
Sandstone Member. Overlying the McCracken is a shale and
dolomite member known informally as the upper member.
The youngest Devonian unit in the basin is a carbonate rock,
the Ouray Limestone.

An unconformity separates Devonian from Mississip-
pian rocks in the Paradox Basin. In the eastern part of the
basin Mississippian rocks are known as the Leadville Lime-
stone, and in the western part this carbonate unit is known as
the Redwall Limestone.

Mississippian rocks are in turn unconformably overlain
by Pennsylvanian rocks in the Paradox Basin. In most areas
the Molas Formation, which includes a basal regolith,

overlies Mississippian strata. In a few areas the Molas is
missing, and Mississippian strata are overlain by carbonate
rocks of the Hermosa Group.

All of the Phanerozoic sedimentary rocks of the Para-
dox Basin were deposited on a stable cratonic shelf on the
trailing edge of the continent. Uppermost Cambrian, Devo-
nian, and Mississippian rocks were deposited in warm,
shallow-marine environments. Low to moderate topography
east of the study area, associated with the Transcontinental
arch, provided clastics to the shelf during deposition of the
Tintic and Ignacio Quartzites and the Elbert Formation, The
pre-Pennsylvanian sedimentary wedge thickens markedly to
the west into the Cordilleran miogeocline.

INTRODUCTION

This study was funded as a part of the U.S. Geological
Survey’s Evolution of Sedimentary Basins program. The
Paradox Basin of southeastern Utah and southwestern Colo-
rado was the subject of a multidisciplinary investigation of
the stratigraphy, sedimentology, geochemistry, and structure
of the basin. In this report I describe the geology of Precam-
brian through Mississippian rock units in the Paradox Basin,
mainly on the basis of a study of geophysical well logs (pl.
1). My main emphasis is the lithology and stratigraphic cor-
relations of Cambrian through Mississippian formations;
however, I describe the lithology of the Precambrian base-
ment as revealed by deep wells and at scattered outcrops at
the margins of the basin.

Acknowledgments—Jean Dillinger digitized the base
maps used for the maps presented here. Critical reviews by
J.A. Campbell and K.B. Ketner greatly improved the manu-
script. Discussions of Cambrian and Devonian rocks with
J.A. Campbell and C.A. Sandberg were very helpful in my
gaining an understanding of those units.

GEOGRAPHIC AND STRUCTURAL SETTING

The Paradox Basin is an oval area in southeastern Utah
and southwestern Colorado that, for this study, is defined by

Gl
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Figure 1. Map showing geographic features of the Paradox Basin and adjacent areas. Abbreviations for geographic locations: AL, An-
drews Lake; BCG, Black Canyon of the Gunnison National Monument; CB, Coal Bank Pass; CNM, Colorado National Monument; EM,

Endlich Mesa; NB, Natural Bridges National Monument; RQ, Rockwood Quarry; W, Wray Mesa.

the maximum extent of salt in the Middle Pennsylvanian
Paradox Formation (fig. 1). Using this definition, the basin
has a maximum northwest-southeast length of about 190 mi,
and a northeast-southwest width of about 95 mi. The basin in
which the salt was deposited was primarily a Pennsylvanian
and Permian feature that accumulated thick deposits of car-
bonate, halite, sandstone, and arkose in response to tectonic
downwarping and simultaneous uplift along its northeastern

border.

In the context of this report, the term “Paradox Basin”
means more than just the Pennsylvanian and Permian depo-
sitional basin. It refers to the geographical area covered by
the salt as shown in figure 1, including topographic and
structural features at the surface today. In this report I focus
on the pre-Pennsylvanian stratigraphic units that underlie the
salt, even though the depositional limits of those units do not
correspond to the salt limits. The Paradox Basin, as thus rec-

ognized, is in the central part of the Colorado Plateau. The
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1972), Merrill and Winar (1958), Parker and Roberts (1966), and Sandberg and others (1989).
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northeastern part of the basin, is especially complex, both
structurally and stratigraphically.

The problems of mapping in the northeastern part of the
basin can perhaps be more fully appreciated by considering
an isopach map representing building height in a metropoli-
tan downtown area. If the control points only consist of one
building height per block, then the map will show an average
increase in height compared with surrounding residential
areas but will not show the true detail of the downtown area.
On the other hand, if the height of each individual building
is known, the isopach map will be much more accurate. The
same considerations apply to the Paradox Basin, where true
structural and stratigraphic complexities are masked by the
lack of control points.

The methods used for computer contouring vary
according to the program used. In the ISM program used for
this study, a grid is first constructed that is the basis for the
contour lines. A grid defines a surface in three-dimensional
space that is calculated from the input scattered-data (x, y, z)
coordinates. The area shown on the maps was divided into
a grid matrix of 300 rows and 300 columns. This is equiva-
lent to a grid spacing in the x direction (longitude) of about
0.75 miles and a grid spacing of about 0.9 miles in the y
direction (latitude).

Each grid node (intersection points between grid lines)
is calculated in two steps: (1) initial estimation of grid node
values and (2) biharmonic iterations using scattered-data
feedback. The initial estimate is made by dividing the
two-dimensional x,y space into octants centered on each grid
node (Dynamic Graphics, Inc., 1988). Scattered-data points
are selected within each octant depending on their distribu-
tion. Nearby points are used first within each octant, and the
program will not search past two points in adjacent octants
to calculate an empty octant; however, if no data are near a
grid node, the program will search to the edge of the data set
to find data. Once the points are selected, they are averaged
using an inverse distance algorithm, in which the weighting
is dependent on the angular distribution of the points.

After this initial estimate is made, ISM uses a bihar-
monic cubic spline function to fit a minimum tension surface
to the grid nodes. To ensure that the minimum tension sur-
face honors the scattered data as accurately as possible, a
scattered-data feedback procedure is used to keep grid nodes
tied to neighboring scattered data. In this study, as many as
eight scattered-data points that fall within one-half cell of a
grid node were used in this feedback procedure.

Once the minimum tension grid surface is calculated,
ISM can use the grid to construct contour maps, cross sec-
tions, and perspective views of surfaces. It is essential to
keep in mind that the final products are calculated from the
grid values, not from the scattered data. Thus there is some
degree of averaging of the original data in constructing the
contour maps.

The point of this discussion of techniques, and the rele-
vance to the present study, is to illustrate that the contour

maps presented herein were constructed using a consistent
set of procedures that result in repeatable results. This
method differs from hand-contouring methods because in
the latter techniques the geologist commonly contours using
a set of ill-defined and inconsistently applied procedures that
introduce biases according to the individual’s intent. This is
not to say that a hand-contoured map is any less accurate
than a computer-generated map. An individual’s knowledge
of an area is essential to the successful portrayal of a unit that
is present in the subsurface and that is only known at scat-
tered control points.

One of the shortcomings of computer-generated con-
tour maps is that in areas of widely spaced control points, the
importance of some data values may be exaggerated. For
example, in one area of Colorado the Devonian Ouray Lime-
stone and the Mississippian Leadville Limestone were
apparently eroded from the top of an anticline sometime dur-
ing the Pennsylvanian. The thickness values at that control
point for those units are therefore zero. Because there are no
other control points clustered nearby, the area of zero thick-
ness for the Ouray and Leadville is probably shown larger
than is real. It seems reasonable to infer that the erosion was
limited to the crest or flanks of the anticline and was of fairly
limited extent. The computer, however, knows nothing of
the anticline and only considers the other nearest control
points, thus exaggerating the area of erosion. Rather than
disregarding computer-generated maps as useless and going
back to the “old fashioned method of eyeballing,” the limita-
tions of computer maps need to be recognized and taken into
consideration in any analysis of the data.

Two data sets, with some overlap, were used to con-
struct the maps for this report. The data set for the Precam-
brian lithology and structure maps consists of 151 wells in
the study area. These were all the wells either by AMSTRAT
or RMGD, identified as reaching Precambrian rocks. The
other data set consists of holes chosen mainly for correlation
of Cambrian through Mississippian stratigraphic units, of
which there are 177. Thirty-three of the wells are common to
both data sets, resulting in a total number of 295 wells used
for this study (pl. 1, appendix 1).

Many of the logs from these wells were digitized to
construct regional cross sections (figs. 6-9). These logs
show the picks of units used for this report, as well as the dis-
tribution of units across the basin. The locations of the sec-
tions are shown on plate 1.

PRECAMBRIAN ROCKS

Precambrian rocks of Proterozoic age underlie most of
the Paradox Basin. The exceptions are the intrusive centers
of the La Sal, Abajo, Sleeping Ute, and La Plata Mountains,
where igneous rocks of Late Cretaceous to early Tertiary age
extend to an unknown depth. Proterozoic rocks are exposed
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at the surface on the northeastern side of the basin on the
Uncompahgre Plateau and in the adjacent Colorado River
gorge and east of the basin in the Needle Mountains area of
southwestern Colorado. Many different names and methods
of classification bave been used in the study of the Colorado
rocks (Edwards, 1966; King, 1976; Hedge and others, 1986:
Tweto, 1987). The classification system of Tweto (1987) is
used in this report, and the following descriptions draw from
his report. Other overviews of outcropping Precambrian
rocks in southwestern Colorado are by Dane (1935), Mose
and Bickford (1968), Barker (1969), Cater (1970), Condie
(1981, 1992), Grambling and Tewksbury (1989), and
Gonzales and others (1994). Several papers in Reed and
others (1993) summarize the Proterozoic stratigraphy and
tectonic history of this area.

Proterozoic rocks in the subsurface of the Paradox
Basin are probably as diverse as those exposed at the surface
in southwestern Colorado. Unfortunately, the closest other
exposures of Precambrian rocks are on the Defiance Plateau
to the south, at the Grand Canyon to the southwest, in west-
ern Utah or in the Wasatch Mountains to the west and north-
west, and in the Uinta Mountains to the north. These
outcrops are too far from the Paradox Basin to provide much
insight into the lithology of the Precambrian in the subsur-
face of the basin. Scattered deep drilling and geophysical
studies in the basin are our only clues as to the lithology of
the basement in that area. As part of the Evolution of Sedi-
mentary Basins program V.J.S. Grauch is conducting gravity
and magnetic studies in the basin (V.J.S. Grauch, oral com-
mun., 1994).

OUTCROPPING PROTEROZOIC ROCKS

In Colorado Early Proterozoic basement rocks are crys-
talline gneiss and schist that were termed the “gneiss com-
plex” by Tweto (1987, p. A10). This complex was further
divided into two main lithologies, biotitic gneiss and felsic
and hornblendic gneiss, although a great variety of rock
types are present, depending on the parent rock and the
degree of metamorphism. Various rock types are complexly
interbedded in some areas. The gneiss complex is the precur-
sor rock into which igneous rocks were emplaced and on
which younger Precambrian and Phanerozoic rocks were
deposited. The protoliths were a combination of sedimen-
tary, plutonic, and volcanic rocks that were metamorphosed
in several episodes at about 1,740, 1,700, and 1,650-1,600
Ma (Bowring and Karlstrom, 1990). On the basis of dates
obtained from metavolcanic rocks, the age of the gneiss
complex is thought to be no older than about 1,800 Ma
(Tweto, 1987, p. All).

The biotitic gneiss was derived mainly from sedimen-

tary rocks. This lithology is composed of dark-colored
biotite-quartz-plagioclase gneiss and schist and other less

abundant rock types. Biotitic gneiss occupies a broad area
across central Colorado and extends southwestward to out-
crops on the northeastern side of the study area. Outcrops in
the Colorado National Monument, near Grand Junction,
Colo., and most outcrops at the Black Canyon of the Gunni-
son National Monument, east of Montrose, Colo. (fig. 1), are
composed of biotitic gneiss and schist (Tweto, 1987, pl. 1).
The rocks at the Gunnison River are called the Black Canyon
Schist (Hunter, 1925). In some areas quartzite makes up
much of this unit, although some of the quartzite bodies may
be younger than the gneiss and schist (Reed and others, p.
213, in Van Schmus and others, 1993). The biotite gneiss is
included in what was termed the Idaho Springs—Black
Canyon assemblage by Condie (1992, p. 459). Rocks of sim-
ilar lithology and age are exposed in the Mineral Mountains
of south-central Utah (Aleinikoff and others, 1986).

The felsic and hornblendic gneisses were derived
mainly from volcanic and related intrusive rocks. The felsic
gneiss is diverse but in general is light colored and is com-
posed of quartz, plagioclase, and potassium feldspar. It was
derived in large part from tuffs and volcaniclastic rocks but
also from plutonic rocks in the Needle Mountains (Gonzales
and others, 1994). The hornblendic gneiss is dark-colored
amphibolite and greenstone of basaltic composition. It crops
out in Unaweep Canyon, northeast of Gateway, Colo., and in
the Needle Mountains, north of Durango (Tweto, 1987, pl.
1). Named rocks of the felsic and hornblendic gneiss types in
the Needle Mountains are the Twilight Gneiss and the Irving
Formation, respectively. Field relations first noted by Cross,
Howe, Irving, and Emmons (1905) suggest that the Twilight
Gneiss is an intrusive complex emplaced into the Irving For-
mation during an extensional event (Gonzales and others,
1994). Except for the exposure in Unaweep Canyon, felsic
and hornblendic gneisses do not extend north of about the
latitude of Ouray, Colo., in the Colorado part of the study
area.

Early Proterozoic rocks in the southwestern United
States are thought to have accumulated at a convergent plate
boundary adjacent to the Archean craton of Wyoming
(Barker and others, 1976; Condie, 1982, 1986, 1992; Reed,
1987; Dickinson, 1989). This area was referred to as the
“Inner Accretionary belt” by Van Schmus and others (1993,
p-274). A combination of continent-edge rifting and subduc-
tion and island arc subduction was proposed by Condie
(1982). Consolidation of several magmatic arcs was
described by Condie (1982, 1986, 1992) and was considered
to be the source of the volcaniclastic and submarine volcanic
rocks of the felsic and hornblendic gneiss complex. Condie
(1992, p. 459) interpreted the biotitic gneiss complex as the
product of sedimentation in a continental back-arc basin.
Aleinikoff and others (1993) concluded that the Proterozoic
rocks in central Colorado were derived from juvenile, non-
continental material; that is, they were not sourced from the
older Archean terrane in Wyoming. Anderson (1989a, b)
presented a detailed account of the development of the
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Proterozoic crust in Arizona, in a setting similar to that in
Colorado. Although slightly to the north of the area dis-
cussed by Anderson, the Paradox Basin was subject to simi-
lar processes during formation of the Proterozoic crust.

Proterozoic rocks in central Arizona were divided into
named tectonostratigraphic provinces by Karlstrom and
Bowring (1988). Each province is composed of smaller
blocks that share lithologic and tectonic similarities. The
blocks are grouped into terranes that form a segment of the
lithosphere that evolved separately from adjacent terranes.
Provinces are large tracts composed of terranes that were
consolidated in major convergent tectonic pulses (Karlstrom
and Bowring, 1988, p. 562). As originally defined, the Prot-
erozoic rocks of central Arizona were divided into the Yava-
pai and Mazatzal provinces. Bowring and Karlstrom (1990)
extended the provinces into Utah, Colorado, and New Mex-
ico and recognized a third province, the Mojave. The prov-
inces are progressively younger to the south and east.

The boundaries of these provinces have been shown
differently by different researchers, depending on the criteria
used to define them. Bowring and Karlstrom (1990) showed
the boundary between the Yavapai and Mazatzal provinces
as extending northeastward from central Arizona to just
south of the Four Corners, then along the northern side of the
Needle Mountains, and northeastward across Colorado.
Condie (1992, p. 448) showed a somewhat different bound-
ary between the Yavapai and Mazatzal provinces, based pri-
marily on the age and composition of the rocks in the
respective provinces and a gravity anomaly that extends
northeastward from Arizona into New Mexico. His bound-
ary trends northeastward through northwestern New Mex-
ico, well south of the study area (fig. 1), placing the entire
Paradox Basin within the Yavapai province.

Karlstrom and Daniel (1993) reconciled the different
interpretations of province boundaries by drawing a distinc-
tion between Proterozoic orogenic belts and crustal
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provinces. The boundary between the Yavapai and Mazatzal
orogens, based on the age of deformation, is that defined by
Bowring and Karlstrom (1990); however, the boundary
between the Yavapai and Mazatzal crustal provinces, based
on age, composition of rocks, and gravity and magnetic
anomalies, corresponds to the boundary shown by Condie
(1992).

The gneiss complex had undergone one interval of
metamorphism and was experiencing another period of fold-
ing when bodies of granitic igneous rocks were intruded into
the complex, probably as a result of partial melting associ-
ated with subduction (Condie, 1982; Dickinson, 1989). Igne-
ous intrusions were emplaced into the gneiss complex during
three main episodes of activity, one about 1,730-1,700 Ma,
another about 1,435-1,400 Ma, and a third about 1,000 Ma
(Tweto, 1987, p. A22; Gonzales and others, 1994, p. 49).
The 1,730-1,700-Ma group is called the Routt Plutonic
Suite, the 1,435-1,400-Ma group is called the Berthoud Plu-
tonic Suite, and the 1,000-Ma rocks are called rocks of the
Pikes Peak batholith. In southwestern Colorado only the
Routt and Berthoud Suites are present. The Routt Plutonic

Precambrian

Suite is Early Proterozoic, and the Berthoud is Middle Prot-
erozoic (Tweto, 1987).

Rocks of the Routt Plutonic Suite range composition-
ally from gabbro to granite but are mainly granodiorite to
quartz monzonite. In the study area, the Tenmile and Bakers
Bridge Granites, north of Durango, Colo., are in this suite.
Rocks of this suite also crop out in Unaweep Canyon, north-
east of Gateway, Colo. Reed and others (in Van Schmus and
others, 1993, p. 217) suggested that differences in age, evo-
lution, and tectonic style of the intrusive rocks may make
their grouping into one unit inappropriate. Gonzales and oth-
ers (1994) distinguished deformed granitoids (Tenmile
Granite) from slightly younger undeformed granitoids (Bak-
ers Bridge Granite).

The Berthoud Plutonic Suite rocks are mainly granite
and quartz monzonite but include rocks of other composi-
tions. In southwestern Colorado, the Vernal Mesa Quartz
Monzonite, Eolus and Trimble Granites, and Electra Lake
Gabbro are part of this suite. The Vernal Mesa Quartz
Monzonite is exposed at the Black Canyon of the Gunnison
and in scattered outcrops along the southwestern margin of



Gl12

EVOLUTION OF SEDIMENTARY BASINS—PARADOX BASIN

SOUTHWEST
B
Dark Canyon Squaw Flat East of Lockhart
area Basin
260 255 244 230
Molas Formation é | < { - §_ 3 1 §
Redwall Limestone ] z
/ T
Ouray Limestone ) 1 _—c T E
/ + 2
Ex
Upper member of ] 2 E 1
Elbert Formation w é \
4 7" X McCracken =~ TT==———-—o %—
McCracken Sandstone Member prad Sandstone .
e Member Lynch Dolomite

Lynch Dolomite

Upper Ophir Formation

w

Maxfield Limestone

¥

Lower Ophir Formation

V

Tintic Quartzite

V

S (RN

g
;
4
<

Precambrian

Figure 7 (above and facing page).

Cross section of pre-Pennsylvanian units parallel to the Colorado River from south of Hite to north-

east of Moab, Utah. Numbers above the well logs correspond to those on plate 1 and in appendix 1. All logs are gamma ray-neutron, except
for number 260, which is spontaneous-potential and resistivity. Vertical ticks are every 100 ft; horizontal scale is variable. Line of section

shown on plate 1.

the Uncompahgre Plateau. The other igneous bodies are in
the Needle Mountains north of Durango, Colo. The Trimble
Granite may be as young as 1,350 Ma (Gonzales and others,
1994).

Another group of Early to Middle Proterozoic rocks in
southwestern Colorado comprises layered metasedimentary
rocks that are younger than the gneiss complex but older than
the Middle Proterozoic Eolus Granite. These rocks include
the Uncompahgre Formation and the possibly time equiva-
lent Vallecito Conglomerate. The Uncompahgre is com-
posed of quartzite, slate, and phyllite, whereas the Vallecito
is a quartzite pebble to boulder conglomerate. Structural

relations between these formations and other Proterozoic
rocks are complex, but the rocks are thought to be younger
than 1,695 Ma and older than 1,435 Ma (Tweto, 1987;
Tewksbury, 1989). The younger age is constrained by the
intrusive contact of the 1,435-Ma Eolis Granite with the
Uncompahgre (Barker, 1969; Tewksbury, 1985). Condie
(1981) showed the Uncompahgre as equivalent in age to the
Uinta Mountain Group, but the Uinta Mountain Group is
now thought to be considerably younger, about 900-800 Ma
(Elston and others, p. 470, in Link and others, 1993).

Earlier workers (for instance, Barker, 1969) considered
the contact between the Uncompahgre and the underlying
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Irving Formation and Twilight Gneiss to be an unconfor-
mity, but Tewksbury (1985) interpreted the contact as a fault
produced by southward movement of an allochthonous
block. Harris and others (1987), however, again interpreted
the contact as an erosional unconformity. They concluded
that the mylonized rock at the contact was a result of
north-directed compression that folded the Uncompahgre
into the older rocks, essentially in place. This north-directed
compression is probably the result of a 1,650-1,600-Ma
period of convergent tectonism described by Bowring and
Karlstrom (1990). The Uncompahgre itself could be a prod-
uct of uplift and erosion related to the accretionary process.
Van Schmus and others (1993, p. 280) considered the
Uncompahgre to be the result of sedimentation caused by
rapid uplift and erosion of accreted blocks following
emplacement of the 1,730-1,700-Ma plutons. Subsequent

Sec. 13,T.24S.,R. 23 E.

Ophir Formation
Tintic Quartzite
~

Precambrian

Lohle

metamorphism and folding of the Uncompahgre was inter-
preted to have occurred at about 1,650 Ma, during formation
of what Van Schmus and others (1993, p. 276) termed the
“Outer Tectonic belt.”

Rocks just to the south of the study area on the Defiance
Plateau are also very diverse, ranging from quartzite in
Bonito Canyon, near Ft. Defiance, Ariz. (Thaden, 1989), to
granite and metasedimentary and metavolcanic rocks near
Hunters Point (Fitzsimmons, 1963; Condon, 1986).
Although no radiometric dates are available for the Precam-
brian rocks in this area, Condon (1986) and Thaden (1989)
classified the rocks as Early Proterozoic.

The age of the quartzite at Bonito Canyon is somewhat
problematic. One possibility is that it is an equivalent of the
Uncompahgre Formation, making it 1,695-1,435 Ma in age
(Early to Middle Proterozoic). Another possibility is that it is
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Cross section of pre-Pennsylvanian units from the San Rafael Swell, Utah, southeastward along the

northern margin of the Paradox Basin. Numbers above the well logs correspond to those on plate 1 and in appendix 1. All logs are gamma
ray-neutron. Vertical ticks are every 100 ft; horizontal scale is variable. Line of section shown on plate 1.

much younger and is equivalent to part of the Grand Canyon
Supergroup, which ranges in age from 1,250 to 800 Ma
(Elston, 1989; Elston, p. 523, in Link and others, 1993) and
is composed of the older Unkar Group, Nankoweap Forma-
tion, and Chuar Group. Condie (1981) included the Bonito
Canyon area in a group of Middle Proterozoic supracrustal
rocks 1,200-1,000 Ma in age. Rauzi (1990, p. 25) suggested
that, during deposition of the upper part of the Grand Canyon
Supergroup, the Four Corners area and Monument upwarp
were structurally high and formed the eastern side of the
basin in which the Chuar Group was deposited. If Rauzi’s
proposed eastern boundary of the Chuar is correct, and the
quartzite is younger than the Uncompahgre Formation, then
the quartzite at Bonito Canyon is most likely equivalent to
some part of the Middle Proterozoic Unkar Group.

The granite, metavolcanic rocks, and metasedimentary
rocks at Hunters Point may well be Early Proterozoic, equiv-
alent to the Vishnu Schist of the Grand Canyon or to the

gneiss complex of southwestern Colorado. The lithologies at
Hunters Point are similar to those in the other areas where
Early Proterozoic rocks are present. This area along the Ari-
zona-New Mexico State line is at the southern edge of the
Inner Accretionary belt of Van Schmus and others (1993, p.
275) and is at the southern edge of the Yavapai crustal prov-
ince of Condie (1992) and Karlstrom and Daniel (1993).

SUBSURFACE PROTEROZOIC ROCKS

Oil and gas wells in the Paradox Basin and surrounding
areas are the sources of a few samples of basement rocks.
Previous studies of these samples include those by Edwards
(1966) and Tweto (1987) in Colorado, Foster and Stipp
(1961) and Fitzsimmons (1963) in New Mexico, and Rauzi
(1990) in Arizona and southern Utah.

For the present study a map (pl. 3) was prepared that
summarizes the lithology of basement rocks in the
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subsurface of the Paradox Basin and adjacent areas. The
reports cited above were used to classify some of the sam-
ples, and lithologic logs from the American Stratigraphic
Company (AMSTRAT) were used to determine the base-
ment lithology in many wells. Cuttings for some of the wells
were examined by me from samples stored at the USGS Core
Research Center. For some wells that reached basement, no
samples or descriptions are available. These holes were still
plotted on the map and were used for structure and isopach
maps. Appendix 1 summarizes the data.

Various symbols used on the map indicate different
lithologic classes: B, basic igneous; G, granite; GN, gneiss
and schist; M, metasediment; MV, metavolcanic; and U,
unknown. Rock types included in the basic igneous class (B)
include samples identified as olivine gabbro or diorite.
Rocks included in the granite class (G) include granite,
quartz monzonite, granodiorite, and quartz diorite. The
gneiss and schist class (GN) includes both gneisses and
schists with various modifiers (for example biotite gneiss,
muscovite schist), a sample identified as “amphibolite and
gneiss,” and a sample only identified as ‘“metamorphic” but
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whose description seems to indicate a crystalline metamor-
phic rock type. The class labeled metasediment (M) includes
those samples that probably have a sedimentary origin,
including quartzite and phyllite, and that have not undergone
significant metamorphism. Many of the AMSTRAT logs
provide only sketchy descriptions of some samples, but com-
parison of those descriptions with samples examined by
myself, led me to classify these samples as metasediment
(M). Only a few samples were identified as metavolcanic
(MV), although some of the gneisses and schists probably
also have a volcanic origin. It is possible that some samples
classified as quartzite may, in fact, be volcaniclastic. Many
of the wells reached Precambrian, but either they were not
logged by AMSTRAT, the logs were not available to me, or
the samples were not available for examination. These wells
are labeled as unknown (U). In some cases, examination of
the cuttings led me to classify the sample differently than the
AMSTRAT well logger. Appendix 1 shows the classifica-
tions of both AMSTRAT and the author.

Holes reaching Precambrian within the Paradox Basin
proper are few and are widely scattered (pl. 3). The lithology
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Cross section of pre-Pennsylvanian units from the San Rafael Swell, Uath, to the San Juan Basin, New

Mexico, along the southern margin of the Paradox Basin. Numbers above the well logs correspond to those on plate 1 and in appendix I.
All'logs are gamma ray-neutron, except for number 158, which is spontaneous-potential and resistivity. Vertical ticks are every 100 ft; hor-

izontal scale is variable. Line of section shown on plate 1.

of holes in the eastern part of the basin is mainly granite,
whereas that of wells in the southwestern part is metasedi-
mentary. Northwest of the basin, on the San Rafael Swell
and wrapping around the northern end of the basin, the
lithology is mainly granite. Granite is also a dominant lithol-
ogy east of the basin in Colorado. Rock types in New Mexico
include granite and metasedimentary and metavolcanic
rocks. Metasedimentary rocks dominate in some areas of
northeastern Arizona; however, one area is composed mostly
of granite.

Relations in the subsurface in parts of northeastern Ari-
zona and northwestern New Mexico are similar to relations
exposed in the Needle Mountains of southwestern Colorado.
A crystalline basement of older gneiss and schist most likely
was intruded by granite during the 1,730-1,700-Ma or
1,435-1,400-Ma episode of emplacement.

The origin of quartzite in the cluster of holes in the
northeastern corner of Arizona is uncertain. Its composition

suggests that it is younger than the gneiss complex of south-
western Colorado. An alternative is that the quartzite is an
eastern facies of the Unkar or Chuar Groups (Middle to Late
Proterozoic) of the Grand Canyon. As previously noted,
however, Rauzi (1990) interpreted the eastern edge of the
Chuar depositional basin to be farther west than this group of
holes. The older Unkar Group (Middle Proterozoic; Elston,
1989) contains considerable amounts of quartzite, suggest-
ing a possible correlation. Bayley and Muelberger (1968)
and Condie (1981) included this area in rocks equivalent to
the Apache Group (Middle Proterozoic) of central Arizona.

Overall, the lack of data does not allow for a detailed
description of the distribution of Proterozoic lithologic types
within the Paradox Basin. All of the basin was included in
the Yavapai crustal province of Condie (1992) and Karl-
strom and Daniel (1993) or the Inner Accretionary belt of
Van Schmus and others (1993). As such, it is most likely
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composed primarily of biotitic gneiss and schist and is
intruded by 1,730-1,700-Ma and 1,435-1,400-Ma plutonic
rocks of various compositions. As noted above, the Mineral
Mountains, west of the Paradox Basin, are of a similar age
and lithology to the rocks of the biotitic gneiss complex of
central Colorado (Aleinikoff and others, 1986), suggesting
lithologic continuity between those two areas. Although the
possibility cannot be ruled out, it is unlikely that there are
large areas of quartzite corresponding to the Uncompahgre
Formation of the Needle Mountains in the subsurface of the
Paradox Basin.

Recently, interest has been expressed in determining
the possible occurrence of rocks equivalent to the Chuar
Group in the Paradox Basin (Anonymous, 1990). This unit
may have potential as a source rock for oil (Reynolds and
others, 1988). The Chuar was identified by AMSTRAT in a
well west of the Paradox Basin (Tidewater Oil Co., Utah
Federal A No. 1, sec. 34, T. 42 S.,R. 2 W., Kane Co., Utah),
and I examined cuttings from this well. I then examined

Sec.28,T.24S,,R.10E.

219
Superior Oil
Hanksville Unit No. 31-30
Sec. 30, T.27 S.,R. 13 E.

Sec.7,T.32 N, R. 19 W.

162
Continental Oil
Navajo 21 No. 1
Sec. 21, T.32N., R 19W.

254 159

Texas Pacific Coal and Oil Co. Humble Oil

USA No. 1 Navajo C No. 1

Sec. 33,T.32S., R. 15E. Sec.8, T.31 N, R. 18 W.
270 158

Great Western Drilling Co.
Fish Creek No. 1
Sec.22,T.38S.,R. 20 E.

Reynolds Mining
Chimney Rock No.1
Sec. 22, T.31N,, R. 17 W.

279 150
Shell Oil Co. Humble Qil
Bluff Unit No. 1 Navajo No. 2-1
Sec.32,T.39S,, R.23E. Sec. 18, T.29 N, R. 15 W.
283
Texaco

Navajo Tribe D No. 30
Sec. 20, T.40S., R. 24 E.

cuttings from many other wells in southeastern Utah and
northeastern Arizona in order to compare them with those
from the known Chuar in the Tidewater well. The Tidewater
well is far enough west of the study area that it is not shown
on plate 1 or listed in appendix 1.

In the Tidewater well the cuttings of Chuar are mostly
unmetamorphosed dark-gray to gray-green silty shale, red-
dish silty shale, gray siltstone, and minor white quartzite. In
wells to the east, similar lithologies were found; however,
the rocks are slightly more metamorphosed than those in the
Tidewater well. A common lithology in wells in southeast-
ern Utah and northeastern Arizona is light- to dark-green and
purple phyllite and gray quartzite. In some wells green phyl-
lite and quartzite predominate, whereas in other wells purple
phyllite is more common. None of the cuttings examined
from northeastern Arizona or southeastern Utah were as
unmetamorphosed as those from the Chuar Group in the
Tidewater well, although there was some lithologic similar-
ity. Many of these samples that were classified as quartzite
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by AMSTRAT were not clean orthoquartzites but rather
were of a somewhat heterogeneous lithology.

I also examined cuttings from wells in the northwestern
part of the basin, northeast and southeast of the San Rafael
Swell, that were shown to contain Chuar equivalents (Anon-
ymous, 1990). In the hole northeast of the swell (number
171, appendix 1, pl. 1), the lithology of the Precambrian is a
quartz-biotite gneiss, similar to Precambrian rocks in parts of
the Uncompahgre Plateau. In the holes southeast of the
swell, some samples are similar in many respects to the
Chuar in the Tidewater hole. In the Texaco Temple Springs
Unit No. 2 well (number 208, appendix 1, pl. 1), the lithol-
ogy of the Precambrian is a medium-brown to light green-
ish-gray phyllite and quartzite. In the Texaco Temple
Springs Unit No. 1 well (number 207, appendix 1, p. 1), the
lithology is a light-greenish-gray quartzite and red-
dish-brown phyllite. The phyllite in this hole is micaceous
and slightly foliated; it appears to have undergone slightly
more intense metamorphism than in the other Texaco well.

The lithology of the Precambrian in these two wells, as
well as that in some other parts of southeastern Utah and
northeastern Arizona, suggests that there is an area of little
to moderately metamorphosed metasedimentary rocks.
These rocks probably overlie a sequence of older gneiss and
schist or granite, but their age and correlation remain
unknown.

STRUCTURE OF THE PRECAMBRIAN
BASEMENT

A structure contour map of the Precambrian basement
(pl. 4) prepared for this study mainly shows the influence of
Laramide deformation, but Laramide structures overprint
structures at least as old as Pennsylvanian, and probably
older. In general, the map shows the same features as the
map of the top of the Mississippian (pl. 2). It is much less
detailed because of the lack of deep drilling in much of the
basin, but it does indicate the depth at which basement rocks
are present in many parts of the basin. The San Rafael Swell,
Uncompahgre Plateau, Defiance Plateau, and Monument
upwarp positive areas are represented on this map. The
southern edge of the Uinta Basin and the northwestern edge
of the San Juan Basin are also evident, on the north and
southeast sides of the map, respectively.

There is approximately 20,000 ft of structural relief
from the top of the basement on the Uncompahgre Plateau to
the deepest parts of the basin. Seismic studies by A.C. Huff-
man, Jr., and D.J. Taylor (oral commun., 1993) indicate that
there may be even more relief along part of the northeastern
margin of the basin. It should be noted that the trend of the
Uncompahgre Plateau does not follow a basement lithologic
break but rather cuts across lithologic trends.

SEDIMENTARY BASIN FILL

A map not directly involving the Precambrian, but tied
to Precambrian data, is shown as plate 5. This map is an iso-
pach map of the present-day sedimentary fill in the Paradox
Basin and surrounding areas. The interval from the current
ground surface or the Kelly bushing at the well head to the
top of the Precambrian was contoured to produce the map.
Because formations at the surface are different in different
areas, depending on local structure, this map does not show
the thickness of strata from any one formation to basement.
The map illustrates the very thick basin fill in the northeast-
ern part of the Paradox Basin, as well as thick sedimentary
sequences in the southern Uinta Basin at the northern margin
of the map and in the San Juan Basin in the southeastern part
of the map. Strata are correspondingly thin over the San
Rafael Swell, Uncompahgre and Defiance Plateaus, and
Monument upwarp. Within the Paradox Basin, strata thin
fairly uniformly from east to west, except in an area just east
of Hanksville, Utah, where an anomalously thick sequence is
present.

CAMBRIAN ROCKS

A period of nondeposition or erosion, at least 500 m.y.
in duration (Dickinson, 1989), separates Precambrian and
Cambrian rocks in Arizona. Dickinson (1989) noted that the
general concordance of Middle Proterozoic and Middle
Cambrian strata attests to the development of a stable cra-
tonic shelf in the late Precambrian. This stable shelf probably
also extended northward into the area of the Paradox Basin.
Rifting on the western edge of the craton in late Precambrian
time led to the development of the Cordilleran miogeocline
(Dickinson, 1989), a feature that persisted through the
remainder of pre-Mississippian time (fig 4).

An irregular erosion surface separates Proterozoic and
Phanerozoic rocks of the Paradox Basin. In most of the basin
Precambrian rocks are overlain by Cambrian rocks (fig. 5).
Exceptions are on the southwestern side of the Uncompahgre
Plateau where Permian and Triassic rocks have been mapped
overlying Precambrian rocks; in the subsurface adjacent to
the Uncompahgre Plateau Devonian, Mississippian, or
Pennsylvanian rocks may directly overlie Precambrian
rocks. In southwestern Colorado there are examples of
Devonian rocks overlying Precambrian rocks both at the sur-
face and in the subsurface. Several reports show the distribu-
tion of Cambrian units in the subsurface of the Paradox
Basin and adjacent areas (Cooper, 1955, 1960; Loch-
man-Balk, 1956, 1972; Baars and Knight, 1957; Baars,
1958; Loleit, 1963; Lessentine, 1965; Stevenson and Baars,
1977, Franczyk, 1991; Condon, 1992; Poole and others,
1992). Cambrian rocks in the Paradox Basin form an
eastward-thinning clastic and carbonate wedge (pl. 6).
East-central Utah is in somewhat of a transition zone with
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of Tintic and Ignacio across the Paradox Basin. Perhaps the
thick zone represents a strandline along which shoreface
sands accumulated. Detailed analysis of core from this zone
is needed to establish the depositional environment. The area
in the far southwest corner of Colorado is interesting. In this
well the Ignacio is apparently absent because a basement
high of Precambrian rocks existed as an island, over which
no Cambrian rocks were deposited (fig. 9). This area
remained high until Late Devonian time.

OPHIR FORMATION

The Ophir Formation conformably overlies the Tintic
Quartzite. The Ophir was first defined in north-central Utah
and is exposed in several mountain ranges in that area. In the
East Tintic Mountains the Ophir is divided into a lower shale
member, a middle limestone member, and an upper shale
member (Morris and Lovering, 1961, p. 19). The lower
member consists of a sequence of dark-brown to greenish
sandstone, interbedded greenish-gray shale, and a dolomite
or limestone bed. The middle member is composed of beds
of dark bluish-gray limestone interstratified with beds of
green to light-bluish-green shale. The upper member is
mainly light-greenish-gray shale and lenticular beds of sand-
stone. Even with the other lithologies present, the Ophir as a
whole has the aspect of a shale unit lying between the cross-
bedded sandstones of the Tintic Quartzite below and the
Cambrian carbonate rocks above. In the East Tintic Moun-
tains the Ophir is 275-430 ft thick (Morris and Lovering,
1961). Trilobites in the lower member of the Ophir establish
its origin as marine. The Ophir is also recognized in the cen-
tral Wasatch Mountains, where it is referred to as the Ophir
Shale (Calkins and Butler, 1943; Anderson, 1974). In the
Wasatch Mountains the Ophir is divisible into the same three
members just described, and it is of comparable thickness.

In the Paradox Basin the Ophir is not exposed at the sur-
face; in the Needle Mountains area the only Cambrian unit,
the Ignacio Quartzite, is unconformably overlain by Devo-
nian rocks. Plate 8 shows the combined thickness of the
Ophir Formation and the Maxfield Limestone in the basin. In
the subsurface the Ophir consists of interlayered thin beds of
buff dolomite, buff, gray. and green shale and siltstone, and
minor beds of white to gray, fine- to medium-grained sand-
stone. In the Texaco, Inc. No. 6 Unit well (number 220,
appendix 1, pl. 1), the upper part of the Ophir consists of pri-
marily sandstone interbedded with some dolomite and minor
limestone. Algal material and oolites were noted in this well.
Sample logs note fragments of brachiopods and trilobites in
some holes.

Studies of the partly correlative Bright Angel Shale in
northern Arizona reveal that most of the Bright Angel was
deposited in a subtidal to intertidal environment (Middleton,
1989). Extensive, tabular sandstone bodies were deposited
as migrating sand sheets whose tops were modified by storm

events. Lenticular, fining-upward sandstone sequences were
interpreted as storm deposits. A third type of deposit, char-
acterized by large-scale, planar-tabular crossbeds, was inter-
preted as migrating sand waves (Middleton, 1989).
Comparable environments of deposition are probably
present in the Ophir Formation in the subsurface of the Par-
adox Basin.

When compiling the maps for this report I decided to
include the Ophir Formation and Maxfield Limestone
together for two reasons. (1) There are only a few wells used
for this study in which the Maxfield is present; those wells
are mainly on the far western side of the study area near the
San Rafael Swell. The holes in which the Maxfield is present
are marked with an “M” on plate 8. (2) On the geophysical
logs the Maxfield Limestone is a carbonate unit that is over-
lain by a shale having a log response similar to that of the
Ophir Formation (figs. 6-9). The Maxfield thus appears as
an eastward-thinning carbonate rock encased within shale.
This relationship was illustrated diagrammatically by Loch-
man-Balk (1956).

The present study differs from Lochman-Balk (1956) in
that I consider the upper shale unit, above the Maxfield, as a
tongue of the Ophir Formation. Lochman-Balk (1956), in
contrast, assigned the upper shale to the Maxfield or to the
Muav Limestone in southernmost Utah. She attributed the
upper shale to regression at the end of the Middle Cambrian.
Parker (1961, p. 62) also included the upper shale bed in the
Maxfield. He thought that the upper shale and limestone of
the Maxfield pinches out eastward and that the shale of the
Ophir continues beyond that pinchout. My interpretation is
that the limestone of the Maxfield pinches out and the upper
and lower Ophir shales merge to the east.

Plate 8 and figures 6-9 show that the Ophir Formation
extends eastward across much of the northern and central
Paradox Basin. On the northeastern side of the basin the
Ophir underlies other shales assigned to the Lynch Dolomite
(fig. 8). This is the only area in which no carbonate unit sep-
arates the two shales, as is the case farther to the west (figs.
6, 8, 9). In the present study the entire shale unit was origi-
nally assigned only to the Ophir, but the resulting thickness
is unrealistic. If the whole unit were assigned to the Ophir, it
would be more than 300 ft thick in one hole and more than
250 ft thick in several others. Considering the overall thin-
ning to the east that the Cambrian in general exhibits, it is
unlikely that the Ophir thickens in that direction. Moreover,
the geophysical logs show that the upper part of this unit is
quite similar to the shale at the top of the Lynch and that the
lower part has a log response similar to that of typical Opbhir.
As mapped for this report, the combined Ophir and Maxfield
thin regularly to the east and an eastward-extending tongue
is present in the Slick Rock—Naturita area. This distribution
pattern is similar to that for the underlying Tintic and Ignacio
Quartzites.
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NOTE ON CAMBRIAN NOMENCLATURE

The nomenclature of Cambrian units above the Ophir
Formation in central Utah is complex. A series of Middle
and Upper Cambrian formations was described and named in
the Tintic district, southwest of Provo, Utah, by Loughlin (in
Lindgren and Loughlin, 1919). These include the Teutonic
Limestone, Dagmar Dolomite, Herkimer Limestone, Blue-
bird Dolomite, Cole Canyon Dolomite, and Opex Forma-
tion. Later, Gilluly (1932) introduced a new set of names, the
Hartmann Limestone, Bowman Limestone, and Lynch
Dolomite, for essentially the same series of beds in the Ophir
district, northwest of Tintic. Gilluly cited certain lithologic
differences and the distance, “between districts so widely
separated (30 miles),” as reasons for not using the older
terms. Calkins and Butler (1943) applied the name Maxfield
Limestone to beds overlying the Ophir in the Wasatch
Mountains, northeast of the Ophir and Tintic districts. The
Maxfield is Middle Cambrian and is overlain unconformably
by Devonian rocks and is therefore equivalent to only part of
the Cambrian sections at Ophir and Tintic. Morris and Lov-
ering (1961) used the names established by Loughlin (in
Lindgren and Loughlin, 1919) in their study of the East Tin-
tic district.

Based solely on precedence of names and proximity to
the Paradox Basin, it would seem that the names of Loughlin
(in Lindgren and Loughlin, 1919) would have been used in
the basin. Instead, the names Hartmann Limestone, Bowman
Limestone, and Lynch Dolomite were used by Di Giambat-
tista (1952) and Cooper (1955) for strata in southeastern
Utah. Conversely, Lochman-Balk (1956, 1972) showed the
Maxfield as an eastward-extending equivalent of the Hart-
mann and Bowman and used the Maxfield and Lynch in the
northern Paradox Basin. Parker (1961) also used the terms
Maxfield and Lynch, as did several unidentified geologists
who compiled the AMSTRAT lithologic sample logs in var-
ious parts of the basin. Hintze (1988, p. 180) used the term
“Maxfield” Limestone and “Lynch” Dolomite, undivided,
for the San Rafael Swell area. Because of this prior common
usage, the terms used for this report are the Maxfield Lime-
stone and Lynch Dolomite for Cambrian stratigraphic units
above the Ophir Formation in the Paradox Basin.

MAXFIELD LIMESTONE

The Maxfield Limestone was described in detail by
Calkins and Butler (1943, p. 14) for exposures of the unit in
the central Wasatch Mountains. In that area the unit is
approximately 570 ft thick and consists of limestone, dolo-
mite, and minor shale. Calkins and Butler (1943) divided the
Maxfield into several informal members on the basis of the
percentage of dolomite in the section. The Maxfield was
interpreted as a marine deposit on the basis of its fossil con-
tent.

In northern Arizona the Muav Limestone is a partial
correlative of the Maxfield. The Muav is characterized by
heterogeneous environments of deposition ranging from
outer shelf, subtidal carbonate sheets to intertidal and
supratidal carbonate rocks and mudstone (Middleton, 1989).
Some of the mudstone contains cryptalgal laminations and
was probably deposited on tidal flats.

The Maxfield thins eastward from central Utah and is
present only on the far west side of the Paradox Basin. Fig-
ures 6-9 show log responses of the Maxfield in a few holes,
mainly west of the Green and Colorado Rivers. There are too
few wells that reached the Maxfield to accurately map its
pinchout to the east. In the Texas Company Cataract Canyon
No. 1 well (number 255, appendix 1, pl. 1, fig. 7), the
Maxfield is a thin carbonate unit encased within shale
assigned to the Ophir. This well is the easternmost in which
Maxfield was identified in this study. As noted previously,
Lochman-Balk (1956) and Parker (1961) included the upper
shale in the Maxfield. Using their definition, the Maxfield
would have extended eastward into Colorado (fig. 8, pl. 9).
As recognized in this report, the Maxfield Limestone proba-
bly pinches out west of the Monument upwarp and west of
the Colorado River above its confluence with the Green
River.

In the few wells where the Maxfield is described on
sample logs, it is composed of interbedded brown to gray
limestone, brown dolomite, and green to dark-gray shale and
siltstone. Beds of dolomite and limestone are as thick as 20
ft but are commonly 10 ft thick or less.

LYNCH DOLOMITE

The Lynch Dolomite, including a shale unit at the top of
the formation, is not exposed at the surface in the Paradox
Basin. The Lynch was first defined and described by Gilluly
(1932) in the Ophir district of central Utah. In that area the
Lynch is composed of massive gray dolomite about
825-1,000 ft thick. The lower part of the Lynch includes
dark-blue limestone with shale partings, and the upper
three-fourths contains distinctive dark-gray to black dolo-
mite with short rods of white dolomite scattered throughout.
Marine fossils establish the environment of deposition of the
Lynch.

An unnamed dolomite sequence overlies the Muav
Limestone in northern Arizona and may be equivalent to the
Lynch. This sequence contains oolitic grainstone and stro-
matolites interbedded with other carbonate rocks (Middle-
ton, 1989) and was probably deposited in shallow water.

Figures 6-9 show the geophysical log character of the
Lynch in the Paradox Basin, and plate 9 shows its distribu-
tion and thickness. In many places there is a distinctive shale
unit at the top of the Lynch. This shale was also shown as
part of the Lynch by Parker (1961) but was shown as a
post-Lynch Cambrian shale by Parker and Roberts (1963,
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1966). The shale is commonly included in the Lynch on
AMSTRAT sample logs. This shale unit should not be con-
fused with an overlying dolomite and shale that is at the base
of the Elbert Formation. The shale of the Elbert lies above
the Lynch shale and below the McCracken Sandstone Mem-
ber of the Elbert, and it has a limited extent in the northwest-
ern part of the basin.

In the subsurface of the Paradox Basin the Lynch con-
sists of tan to cream limestone and dolomite interbedded
with minor shale and sandstone. The upper part of the Lynch
is composed of sandy dolomitic shale in many places. Sam-
ple logs indicate the presence of algal material, oolites, and
brachiopods in some holes.

The distribution of the Lynch in the basin is similar to
that of the Ophir Formation (pls. 8, 9). As with the older
Cambrian units, there is a lack of drill holes in the central
part of the basin with which to show the eastward pinchout
of the dolomite. The holes marked with an “L” on plate 9 are
where dolomite in the Lynch is present and has been reached
by drilling but not penetrated completely. The full thickness
of the dolomite part of the Lynch was penetrated in the Phil-
lips Petroleum Onion Creek Unit No. 2 well (number 202,
appendix 1, pl. 1, fig. 7) and is 475 ft. This well is nearly at
the Utah-Colorado State line, indicating that the dolomite
extends eastward for some distance; however, most of the
wells in Colorado, on the far northeastern side of the basin,
contain only the shale unit at the top of the Lynch.

ORDOVICIAN AND SILURIAN ROCKS

There are no known Ordovician or Silurian rocks in the
Paradox Basin. Loleit (1963) suggested, on the basis of a
questioned fossil identification, that the Ordovician may be
represented, but no subsequent report has verified his sug-
gestion. There is no definitive evidence available that indi-
cates whether the Ordovician and Silurian are absent due to
erosion or to nondeposition.

Ordovician rocks are present in the western half of
Utah, where they are as thick as several thousand feet. Hintze
(1988, p. 21) noted that Lower Ordovician rocks are mainly
sandy bioclastic limestone that shows evidence of deposition
in shallow-water environments. Middle Ordovician rocks
there include thick quartz sandstone that may represent
regressive deposits. Based on these nearshore facies in west-
ern Utah, it is unlikely that either Lower or Middle Ordovi-
cian rocks extended as far eastward as the Paradox Basin.
Upper Ordovician rocks are the most widely distributed
Ordovician deposits in Utah (Hintze, 1988, p. 21). Their
lithology is commonly a dark, cherty dolomite that includes
corals and brachiopods. This unit is the most likely of any
Ordovician unit to have extended eastward to the Paradox
Basin, if any did. Upper Ordovician rocks are also present in
central Colorado and points east (Poole and others, 1992).

Silurian rocks in Utah are also limited to the western
half of the State. The dominant lithology of Silurian rocks is
grayish, cherty dolomite (Hintze, 1988, p. 23). Hintze (1988)
noted that there is no evidence of nearshore deposits in Sil-
urian rocks of western Utah, suggesting that the unit may
have extended farther eastward into the Paradox Basin area.

If there had been any Ordovician or Silurian rocks in the
Paradox Basin, they were removed by erosion in pre-Late
Devonian time. The extent of tectonism that could have
caused such erosion must have been slight because Upper
Cambrian and Upper Devonian strata are essentially parallel
in outcrops in the Needle Mountains. Stevenson and Baars
(1977) identified several northwest-trending horsts and gra-
bens in which Cambrian strata are selectively preserved.
Their work may be an indication that local tectonics played
a part in removal of Ordovician and Silurian rocks in the
Four Corners area.

DEVONIAN ROCKS

Devonian rocks in the Paradox Basin are represented by
the Upper Devonian Aneth Formation, Elbert Formation,
and Ouray Limestone. No Lower or Middle Devonian rocks
are present. The Elbert is divided into the basal McCracken
Sandstone Member and an unnamed upper member. In the
northwestern corner of the basin, a few wells contain rocks
that have the lithology of the upper member but are below
the McCracken. This unit, informally labeled as the lower
member of the Elbert, is shown in figure 9. Devonian rocks
rest unconformably on Cambrian rocks in most places; in
some areas Cambrian strata are absent and Devonian rocks
rest on Precambrian rocks. Baars (1972) and Poole and oth-
ers (1992) summarized the Devonian stratigraphy of the
Four Corners area.

Plate 10 is an isopach map of all Devonian rocks in the
study area. Notable features of the map are a thin area in
southwestern Colorado and a thick area in southeastern
Utah. The thin area in Colorado is also an area in which
Cambrian rocks are absent; the thin Devonian in this area
suggests that a structural high may have controlled deposi-
tion there. In general, the Devonian thickens gradually
northwestward across the basin.

ANETH FORMATION

The Aneth Formation was defined by Knight and Coo-
per (1955) for a fossiliferous interval of dark- to light-gray
and dark-brown dolomite, gray, brown, and black shale, and
gray siltstone. Devonian fish plates and scales and plant frag-
ments are present in the unit. Stringers, veins, and inclusions
of anhydrite are present in some of the dolomite beds. The
unit was described from core from the Shell Oil Co. Bluff
Unit No. 1 well (number 279, appendix 1, pl. 1, fig. 9). On
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sample logs the Aneth is usually easily distinguishable by
being above the shaly interval of the Ophir or above the Igna-
cio Quartzite and below the sandstone of the McCracken
Sandstone Member. Sample descriptions of the Aneth com-
monly describe it as resinous in some intervals. In general,
the Aneth is distinctly darker colored than carbonate inter-
vals in the Lynch Dolomite or in the upper member of the
Elbert. The Aneth has not been recognized in surface out-
crops anywhere.

Plate 11 is an isopach map showing the thickness and
distribution of the Aneth, as used in this report. The Aneth is
thickest in an elongated oval area stretching from just west
of the Monument upwarp east-northeastward to nearly the
Utah-Colorado State line. Another relatively thick area is in
northwestern New Mexico, just south of the Colorado State
line. It is absent in the immediate vicinity of the Four Cor-
ners and southward along the crest of the Defiance Plateau
(S.M. Condon and A.C. Huffman, Jr., unpublished data).

There has been considerable disagreement in the inter-
pretation of the lateral extent of the Aneth and its relations to
the Elbert Formation. Knight and Cooper (1955) originally
considered the Aneth to be restricted to the general Four Cor-
ners area. Cooper (1955) showed the Aneth as bounded top
and bottom by unconformities. Parker (1961) mapped the
Aneth throughout the Paradox Basin and considered it to be
gradationally overlain by the Elbert. Parker and Roberts
(1963, 1966) agreed with the interpretation of Knight and
Cooper (1955) and restricted recognition of the Aneth to the
Four Corners area but considered it to be gradational with the
Elbert Formation. They believed that the Aneth accumulated
in local sags or basinal areas. Baars and Campbell (1968)
and Baars (1972) also indicated that the Aneth is limited to
the Four Corners area and conformably underlies the Elbert.
This model of distribution and contact relations has gener-
ally been accepted, although in unpublished work, Rocky
Mountain Geological Databases, Inc., followed the interpre-
tation of Parker (1961) and correlated the Aneth throughout
the basin.

Sandberg and others (1989) indicated that there is prob-
ably a disconformity, representing some 10 m.y., separating
the Aneth from the Elbert Formation. Based on conodont
zonation (Sandberg and others, 1989), the Aneth and, possi-
bly, the McCracken Sandstone Member are separated by a
disconformity from the overlying upper member of the
Elbert. Because no conodonts have been recovered from the
McCracken, itis not known if the disconformity lies between
the Aneth and McCracken or between the McCracken and
upper member (C.A. Sandberg, oral commun., 1993).
Another interpretation is that the missing conodont zones
reflect unfavorable environmental conditions during deposi-
tion of the McCracken, or that conodonts were not preserved
in the McCracken, and the McCracken was deposited during
the 10 m.y. represented by the missing zones (K.B. Ketner,
written commun., 1994).

Because McCracken-type sands are present in the upper
member and the contact between the McCracken and upper
member is apparently gradational, I believe that if there is a
disconformity it lies between the Aneth and McCracken. The
Aneth, as shown on plate 11, is only present in the general
Four Corners area. In the northwestern part of the basin,
where the McCracken is absent, basal beds of the Elbert con-
sist of light-tan and light-gray dolomite and greenish shale.
This lithology is unlike the dark dolomite and shale of the
Aneth in the well where it was first described. For this report,
correlations of the Aneth were made from log to log from the
Bluff Unit No. 1 well (number 279, plate 1, appendix 1) out-
ward radially. Correlations were extended only when I felt
confident that adjacent holes had the typical Aneth lithology.

The reason for the Aneth’s limited distribution in the
Four Corners area is not clear. Sandberg and others (1982, p.
697) interpreted the Aneth as a transgressive deposit that
filled drowned valley systems incised into underlying rocks.
Underlying Cambrian rocks in this area do not, however,
appear to have been eroded any more in this area than else-
where, (pl. 6), and thus the presence of incised valleys is
uncertain. Isopach maps of the Aneth by Stevenson and
Baars (1977) and in the present report (pl. 11) suggest a
wider distribution of the Aneth than that recognized by
Sandberg and others (1982). Perhaps the control points used
for plate 6 are too widely spaced to adequately show the con-
figuration of an incised valley system.

The overlying McCracken Sandstone Member and
upper member of the Elbert Formation are also relatively
thick in this same area (plates 13, 14), suggesting that this
was an area of subsidence that persisted through much of the
Late Devonian. The cause of this subsidence is not known.
The possibility of a disconformity between the Aneth and
overlying Elbert Formation may indicate that remnants of
Aneth are preserved in grabens or other downwarps in other
areas of the basin.

ELBERT FORMATION

The Elbert Formation was named by Cross (1904) for
exposures along Elbert Creek, north of Durango, Colo. The
Elbert was defined to include a series of calcareous shale,
limestone, and quartzite, all of which contain Devonian fish
remains. Knight and Cooper (1955) divided the Elbert into
the lower McCracken Sandstone Member and an upper
unnamed member.

Plate 12 shows the thickness and distribution of the
Elbert in the Paradox Basin. The thickness ranges from 73 to
422 ft in the study area. Thickest areas are in the northwest-
ern and southwestern parts of the area, and the thinnest area
is in the southwestern corner of Colorado where the upper
member directly overlies Precambrian rocks.
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LEADVILLE LIMESTONE AND REDWALL
LIMESTONE

The Lower and Upper Mississippian Leadville Lime-
stone and correlative Redwall Limestone unconformably
overlie Devonian rocks in the study area and are unconform-
ably overlain by Pennsylvanian rocks. The Leadville was
named by Eldridge (in Emmons and others, 1894) for the
chief ore-bearing unit in the Leadville, Colo., mining district.
The Redwall was named by Gilbert (1875) for the sheer, red-
dish cliffs in the Grand Canyon. As with the Cambrian Tin-
tic, Tapeats, and Ignacio formations, there is no clear
dividing line between areas where the Leadville and Redwall
names are used. Parker and Roberts (1963, 1966) demon-
strated that the units are continuous in the subsurface from
outcrops in southwestern Colorado to outcrops in Arizona.
Foster and others (1968) suggested that both surface and
subsurface outcrops in southwestern Colorado use the name
Redwall.

In the Needle Mountains area the Leadville consists of
massive, gray, fossiliferous limestone and brown dolomite
(fig. 12). It and the Redwall Limestone were deposited in a
series of upward-shoaling cycles that include a full suite of
environments ranging from shallow-marine tidal shelf
through lagoonal and supratidal (Kent and Rawson, 1980, p.
106). Exposed erosion surfaces, caused by emergence and
erosion of the carbonate rocks, display vadose weathering
features (Armstrong and Holcomb, 1989, p. D6). The great
variety of depositional environments in the Leadville is
reflected in associated diverse faunal assemblages. Arm-
strong and others (1980, p. 87) cautioned that abrupt facies
changes and the numerous erosion surfaces make lithostrati-
graphic correlations between widely separated locations
unreliable.

In many places in the subsurface of the eastern Paradox
Basin the lower part of the Leadville is dolomite. This led
Baars and Knight (1957) to divide the Leadville into infor-
mal upper and lower members, based on the presence of
dolomite. Later, Parker and Roberts (1966, p. 2429) pointed
out that patterns of dolomitization in the Leadville or Red-
wall are complex and cannot be used for regional correla-
tions. Baars (1966) and Baars and See (1968) attributed
lithologic variations in the Leadville to the influence of
paleostructures formed by faulting.

On sample logs the Leadville and Redwall are com-
monly described as gray to cream limestone and light-brown
dolomite, both of which contain abundant crinoid fragments,
oolites, and algal laminations. Chert is locally abundant in
the upper part of the lower half of the units. In the Belco
Egnar No. 1 well (number 106, appendix 1, pl. 1) the
Leadville is dense, dark-gray limestone that contains algal
laminations and oolites. Light-brown dolomite is also a con-
stituent of the lower part of the Leadville in this well. In one
interval the dolomite has been deformed by soft-sediment
loading by the overlying darker limestone.

Plate 16 is an isopach map of the Leadville and Redwall
Limestones in the Paradox Basin. The thickness of the unit
ranges from more than 1,000 ft on the northwestern side to
zero on Wray Mesa. This area of zero thickness on Wray
Mesa is also an area where the Ouray Limestone is absent.
Baars (1966) attributed the absence of both the Ouray and
Leadville here to erosion on top of a fault block. The anom-
alously thin area west of Moab, Utah, is caused by a well in
which the unit is faulted. As with the Ouray Limestone, the
widely spaced control points and the effect of computer con-
touring exaggerates the thin places in the Wray Mesa and
Moab areas. Otherwise, the Leadville and Redwall thicken
from east to west fairly uniformly across the study area.

The Antler orogeny initiated a style of sedimentation in
western Utah and eastern Nevada that differed markedly
from that during the Cambrian to Devonian (Poole and Sand-
berg, 1991). Rising highlands shed clastic rocks to the east,
partly filling in the marine basin. During deposition of the
Leadville and Redwall Limestones, however, the Paradox
Basin was far enough east from the highlands that it was not
the site of clastic sedimentation. Thick deposits of Mississip-
pian clastics were deposited in western Utah, whereas shal-
low shelf carbonates were deposited in the east (Gutschick
and others, 1980; Hintze, 1988). The main effect of the Ant-
ler orogenic activity in the carbonate platform area of the
Paradox Basin was to initiate sea-level rises and falls.
McKee and Gutschick (1969) and Kent and Rawson (1980)
described transgressive and regressive cycles within the
Redwall.

Between Late Mississippian and Early Pennsylvanian
time the sea withdrew to the west and exposed the top of the
Leadville and Redwall to deep erosion (Gutschick and oth-
ers, 1980, p. 125). This erosion of the carbonate surface pro-
duced karst topography and a thick regolith of carbonate
blocks, chert, and red shale. The red shale filtered downward
into the upper part of the carbonate, making it difficult, in
some wells, to decide precisely where to pick the base of the
overlying Molas Formation.

PENNSYLVANIAN ROCKS

Mississippian rocks of the Paradox Basin are every-
where overlain unconformably by Pennsylvanian rocks. In
most of the basin the Molas Formation is the basal Pennsyl-
vanian unit; however, in a few places the Molas is missing,
and rocks of the Hermosa Group overlie the Mississippian.

The Molas consists of a basal regolith deposit, middle
fluvial strata, and upper fluvial and marine limestone beds
(Merrill and Winar, 1958, 1961). The lower unit, called the
Coalbank Hill Member by Merrill and Winar (1958), is com-
posed of conglomerate and limestone-chert breccia and red-
dish-brown mudstone and siltstone. In some places in the
Needle Mountains the Leadville is absent, and the regolith
overlies the Ouray Limestone.
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The middle member of the Molas is composed of strat-
ified conglomerate, sandstone, siltstone, and shale that were
deposited in a fluvial system. Lithologies of the upper mem-
ber are similar to those of the middle member but also
include limestone beds containing Pennsylvanian marine
fossils. This change in lithology documents the changing
environments of deposition of the Molas from karst plain at
the base to shallow marine at the top.

Merrill and Winar (1958, 1961) discussed the Missis-
sippian-Pennsylvanian boundary in relation to the Leadville
Limestone and Molas Formation. They noted that the young-
est Leadville in the Needle Mountains area is of Osagean
age, an age later verified by the studies of Armstrong and
Mamet (1977) and Armstrong and Holcomb (1989). An
unknown thickness of younger Mississippian rocks may
have once been deposited in that area and then removed by
erosion or dissolved in place on the karst plain. The karst
plain was apparently stable for quite a long time because a
thick regolith developed on top of the Leadville and red silt
and shale filtered downward and filled fractures and cavities
in the upper part of the Leadville. No fossil data are available
for this regolith with which to accurately place the systemic
boundary, but the boundary probably lies within the regolith.

A unit in the Nacimiento Mountains on the eastern side
of the San Juan Basin may offer some clues as to the age of
the basal Molas strata. The Log Springs Formation was
defined by Armstrong (1955) and is described as a continen-
tal clastic redbed unit composed of conglomerate, arkosic
sandstone, and shale. The Log Springs is considered to be of
Late Mississippian age (Armstrong and Mamet, 1977, p.
122), and occupies a stratigraphic position similar to that of
the Molas Formation. Condon and Huffman (1994) showed
that the Molas and Log Springs have similar geophysical log
characteristics and can be correlated in the subsurface of the
San Juan Basin. Because of stratigraphic position and litho-
logic similarity, the basal beds of the Molas in the northern
San Juan Basin are considered equivalent to the Log Springs
and therefore may be Mississippian in age. These beds may
well be diachronous, however, and the Molas farther to the
west in the Paradox Basin may be entirely Pennsylvanian.
Without a dated unit, such as the Log Springs, near by,
assigning a Mississippian age to basal Molas strata in the
Paradox Basin is unwarranted.

SUMMARY

Relatively little is known about Precambrian paleo-
geography and precursor events in the Paradox Basin area
that led to the Phanerozoic, even though the time involved is
much longer and the thickness of rocks is much greater.
What has been deduced, mainly from studies of outcropping
Precambrian rocks in Colorado, New Mexico, and Arizona,
is that by approximately 1,800 Ma collisions had begun to
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juxtapose the older Archean craton, at what is now the south-
ern border of Wyoming, with offshore magmatic arcs at a
convergent plate boundary. The subduction zone at the
boundary is postulated to have first dipped southward and
then reversed and dipped to the north (Condie, 1982; Ander-
son, 1989a). Sedimentation in continental back-arc basins
also occurred in conjunction with the collision events. Prod-
ucts of this sedimentation underlie much of the Paradox
Basin. As a result of the accretion process, much of the Pre-
cambrian terrane of the southwestern United States is char-
acterized by northeasterly trending belts of Proterozoic rocks
that are younger southward.

Metamorphism also accompanied accretion, altering
the volcanic and sedimentary components of the magmatic
arcs and back-arc basins to gneiss, schist, amphibolite, and
other metamorphic rock types. An early period of intrusive
igneous activity occurred at this time, emplacing granodior-
ites and other felsic igneous rocks. A somewhat uncommon
rock unit, the Uncompahgre Formation of southwestern Col-
orado, was deposited after about 1,695 Ma and before 1,435
Ma. The Uncompahgre, mostly a quartzite but with some
argillaceous layers, was deposited on the underlying gneiss
complex. The youngest Precambrian rocks in the eastern part
of the study area are a group of felsic intrusive rocks that
were emplaced at about 1,435-1,400 Ma to as late as 1,350
Ma. There is some evidence suggesting that a younger Prot-
erozoic supracrustal sedimentary sequence was deposited in
the western part of the study area. Rocks having lithologies
similar to the Grand Canyon Supergroup or to the Uinta
Mountain Group have been identified in scattered wells in
southeastern Utah and northeastern Arizona. These rocks
may have accumulated in a lacustrine setting near the edge
of the Proterozoic craton. If equivalent, in part, to the Grand
Canyon Supergroup, these rocks are in the 1,250-800-Ma
time range.

After a long period of erosion, pre-Mississippian strati-
graphic units in the Paradox Basin were deposited under
fairly uniform conditions. Pre-Mississippian sedimentation
was mostly controlled by the area’s position on a shallow
cratonic shelf adjacent to the Cordilleran miogeocline. To
the west of the current position of the basin many thousands
of feet of Cambrian through Devonian strata were deposited
in a marine basin (figs. 3, 4). To the east, for most of this
time, were relatively low upland areas of the Transcontinen-
tal arch that periodically shed clastic material to the shelf.
Shelf conditions persisted in the area of the Paradox Basin
during deposition of Mississippian rocks, even though tec-
tonic activity was intense west of the Wasatch line.
Pre-Pennsylvanian sedimentary rocks in the Paradox Basin
form a westward-thickening wedge of clastic and carbonate
rocks deposited on the shelf (pl. 17).

From a global perspective, the basin was at low lati-
tudes from Cambrian through Mississippian time (Habicht,
1979; Hintze, 1988, p. 25). Revised world paleogeographic
maps by Scotese and McKerrow (1990) indicate that in latest
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Precambrian time the craton (Laurentia) was rotated such
that the Equator passed almost through the Paradox Basin
and was oriented just a little east of north with respect to
present-day north. During the Cambrian the craton slowly
rotated counterclockwise, such that by the Late Cambrian
the area of the Paradox Basin was just south of the Equator.
Counterclockwise rotation continued into the Orodovician
but slowed or stopped in the Silurian and Devonian. At the
end of the Devonian the area of the Paradox Basin was posi-
tioned at about lat 15° S. This represents a slight northward
shift from the Middle Devonian and may be a result of earli-
est contact with Gondwana. In the Mississippian, the orien-
tation of the craton with respect to the Equator remained
about the same, but the craton drifted even farther north-
ward, placing the area of the Paradox Basin just south of the
Equator. The climate of the North American craton was
interpreted as being hot to warm for most of the Cambrian
through Mississippian (Scotese and McKerrow, 1990, p. 18).

Earliest Cambrian sedimentation must have been on a
surface of at least moderate relief because Cambrian strata at
various places in the Paradox Basin include quartzite-pebble,
quartz-pebble, and arkosic conglomerate at the base. Some
of these conglomerates may even have been deposited in the
late Precambrian. A basal conglomerate is also characteristic
of the Cambrian in areas as widely separated as the Grand
Canyon, central Utah, and central Colorado.

The area of the Paradox Basin was quite stable for most
of Middle and Late Cambrian time. Upper strata of the Tintic
Quartzite contain shaly beds, and the Tintic is overlain gra-
dationally by the Ophir Formation (or Shale), indicating
marine transgression from the west. The shoreline trended
north-northeasterly during the Cambrian, although the pat-
tern of preserved Cambrian rocks in west-central Colorado
suggests that an embayment may have been present in that
area. Maximum transgression of the Ophir was accompanied
by carbonate deposition of the Maxfield Limestone farther to
the west. Sea-level fall may have resulted in erosion of the
Maxfield over the central and eastern parts of the Paradox
Basin, but it is more likely that the unit was not deposited
much farther east than about the Colorado River. A period of
regression after the Maxfield was followed by another cycle
of transgression during which upper shales of the Ophir and
the Lynch Dolomite were deposited.

Another period of erosion separated the Late Cambrian
and the Late Devonian in the Paradox Basin. No Ordovician,
Silurian, or Lower and Middle Devonian rocks have been
identified in the basin; if any were ever deposited, they
would have been relatively thin. The stability of the shelf
continued through this time, however, because Upper Cam-
brian and Upper Devonian strata are parallel.

The oldest Upper Devonian unit in the basin, the Aneth
Formation, was deposited in a euxinic marine environment.
The Aneth is considered by some to extend over a much
greater area than that shown in this report, but lithologic logs
of basal Upper Devonian strata in other areas of the basin do

not support that interpretation. Dark-gray to black shale is a
characteristic component of the Aneth in and near the area
where it was originally described. In other areas, basal Devo-
nian strata are composed of either sandstone or green shale
and dolomite.

The McCracken Sandstone Member is the basal sand-
stone of the Elbert Formation. The interpretation favored
here is that the McCracken represents sands that were
reworked and distributed as a result of marine transgression
following sea-level fall in post-Aneth time. Some of the Part-
ing Formation, of central Colorado, is equivalent to the
McCracken, and the source of sands in the Parting was high-
lands a short distance to the east and northeast of where the
formation was deposited. These sands were probably catried
westward by fluvial systems during the hiatus between the
Aneth and McCracken and then reworked during the marine
transgression. Shallow-shelf conditions prevailed during this
time.

Sandstones in the upper member of the Elbert Forma-
tion suggest that the highlands to the east continued to shed
clastics onto the shelf during deposition of the upper mem-
ber. The distribution of sandstones as far west as the western
part of the Paradox Basin during this time may indicate
minor fluctuations of sea level and associated shifting of the
shoreline facies. The upper part of the upper member con-
sists mainly of dolomite and shale, indicating a further rise
in sea level during this time and only a minor contribution of
clastics from the east.

Even less influx of clastics is evident in the overlying
Ouray Limestone. The Ouray contains a diverse marine
fauna indicating deposition in warm, shallow, normal marine
conditions. The Ouray extends southeastward into New
Mexico and has equivalents in central Colorado. Its position
in the Paradox Basin is thus about midway on the shallow
cratonic shelf. Detailed studies have not been done on the
Ouray to discover any transgressive-regressive cycles in the
unit.

Sandberg and others (1989) described a catastrophic
fall in sea level in the Late Devonian that resulted in wide-
spread extinctions and the end of the Devonian Period. This
event should mark the contact between the Ouray Limestone
and the overlying Mississippian Leadville Limestone and
correlative Redwall Limestone; however, there is little phys-
ical evidence of this event in the Paradox Basin. A shale bed
lies just below the contact of the Ouray and overlying strata
in much of the basin, and there is little evidence of erosion or
channeling at the top of the Ouray; bedding in the overlying
Leadville and Redwall Limestones is essentially parallel to
that in the Ouray.

Regardless of the basal contact, the Leadville and Red-
wall were also deposited in a warm, shallow, normal marine
environment. In response to tectonic activity in western Utah
and eastern Nevada. Mississippian rocks of the Paradox
Basin display several transgressive-regressive cycles of dep-
osition. Fluctuating sea level led to the development of
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diverse depositional environments and faunal assemblages
that are a result of differing energy conditions in the shallow
sea. A major sea-level fall during deposition of the Leadville
and Redwall led to a widespread intraformational disconfor-
mity that is marked by dolomite and chert in much of the
area.

A final fall of sea level resulted in the end of Mississip-
pian carbonate deposition and exposure of the carbonates to
subaerial erosion. The position of the Paradox Basin near the
Equator at this time suggests that humid conditions pre-
vailed, leading to development of the Molas Formation, a
clay-rich, red regolith at the top of the Leadville and Red-
wall. Solution of the carbonate surface formed fissures,
caves, and karst topography that was mantled by red clay.
The transition from Mississippian to Pennsylvanian time
probably occurred sometime during deposition of this
regolith, but no faunal or isotopic data exist with which to
precisely place the boundary. A similar redbed unit in north-
western New Mexico (Log Springs Formation) is considered
to be Mississippian, but the connection between the Molas of
the Paradox Basin and the Log Springs is tenuous. Final
withdrawal of the Mississippian sea exposed areas east of the
Paradox Basin before the top of the Mississippian within the
Paradox Basin was exposed. The Molas of all or most of the
Paradox Basin could therefore be entirely of Pennsylvanian
age. At the close of Mississippian time, the region of the Par-
adox Basin lay basking in the warm equatorial sun, and there
was little indication of the dramatic tectonic and environ-
mental changes that were to modify the area during the
coming Pennsylvanian and Permian Periods.
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